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Motivation and High Multiplicity Proton-Proton Collision
-Comparison of CMS and ALICE

(a) CMS MinBias, p_>0.1GeV/c (b) CMS MinBias, 1.OGoV/c<pT<3.OGoV/c
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Figure 7: 2-D two-particle correlation functions for 7 TeV pp (a) minimum bias events with |
pr > 0.1GeV/c, (b) minimum bias events with 1 < pr < 3GeV/c, (c) high multiplicity |-
(Neifine > 110) events with pr > 0.1GeV/c and (d) high multiplicity (N{fi"e > 110) events
with 1 < pr < 3GeV/c. The sharp near-side peak from jet correlations is cut off in order to
better illustrate the structure outside that region.  jHgpP 1009:091,2010
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to make the trigger acceptance symmetric.



Distribution of n > Jet veto

= Jet bias
1<pT<4 GeV/c
Distribution of n - VOC Default - -
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=» The symmetric VO acceptance for event multiplicity(event activity or centrality)
definition is important to reduce the asymmetry in n distribution.



Definition of two-particle correlation

1=p_ _ <4GeV/c
Same pair T, Trig mixing Background
1=<p <4GeV/c
T, Assoc
S(Ag An)= _ 1 ONeame Minimum Bias
’ NsamedAp dAn

Correlation Associ. Yield per Trig.
C(Aq ,An)= A2 AN) Yield(Ap A= Nsamec(Ag Anjm—l—
vV Blag.an) ’ Nriig " Vefficiency




Correlation function with multiplicity dependence 1spTrg<d Gev/c
1<pT,....<4 Gev/c

Assoc

C(Ay , An)
C(Ag , An)
C(Ag , An)
C(Ag , An)

Ridge in Ap=0

Due to the combinatorial mixing back ground (C=S/M),

- uncorrelated parts increase with higher multiplicity.

- Near side jets in (Agp, An)=(0,0) reduce with higher multiplicity.

- Away side jets in A@=m are almost constant with multiplicity dependence.

- The ridge structure in A@=0 in the highest multiplicity.
=>» The shape study.



Projection of A and An of Renormalized Correlation functions
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Projection of A and An of Renormalized Correlation functions

PYTHIA
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Strategy for p, parameter
- Reference fitting

C(Aw,An)™>  C(Ap)™® Fitting function ™® R(Ap) ™  Fourier fit™» P2 pzarameter
F(Ap) = a+bf(Ap) =C(Ag)/F(Ap) x =V,

= second-order

.5S|AT||<1 8 +Fourier 1:_!:ourier coefficients
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The ratio of C(Aw) to F(Acp)

TPC-TPC correlation, 1.55 |An|<1.8
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- p2 parameter is the amplitude of the 2nd order oscillation

=>» Elliptic shape



The ratio of C(Aw) to F(Acw)

TPC-VO correlation, 1.8 < |An| < 4.8
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- p2 parameter is the amplitude of the 2nd order oscillation

=>» Elliptic shape shown up to |An|~4.8.



The ratio of C(Aw) to F(Acp)

V0-VO correlation, 5.5< |An| < 7.6
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- p2 parameter is the amplitude of the 2nd order oscillation

=>» Elliptic shape shown up to |An|~7.6.



Summary 1.1

The shape study of C(A¢)
=» Elliptic shape in 1.8 <|An| < 4.8
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3-sub event method D= V TPCy,_TPC
-The p,'°" extraction T szhort 2
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Summary 1.2
The extraction of p,s"°t and p,'°"e

1=p g<4(3|eV/ c
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Possible explanation of ridge

Hydrodynamic flow =>»the position of ridge free from jet in Ae.
PRL 106 (2011) 122004 — o

-> Due to fixed trigger particle in analysis method,

the position of ridge is located in A=0.

->EPOS may describe ridge in pp collisions in intermediate pT.
But the 2-D shape is still different with experimental result.

Color Glasma Condensate (CGC) =>»the position of ridge free from jet in Ae.
Phys.Lett.B697,21(2011)

arXiv:1211.3327 O
-> We do not know.

Radial flow

Fig. 25. Left: particle emission from two distinct glasma flux tubes. Right: effect of radial flow

on the angular distribution of the emitted particles. a rXiv: 1211.3327
Jet-induced ridge =>»the position of ridge depend on jet in Ap.
PRC 84,024901,2011 X
n extended frams

PRC 83,024911,2011

->the ridge should depend on high pT.

jet correlations

Proton

Mpl (Mul-l-l Pa rton Interacﬁon) X Higher order 2—3 or 2—4 matrix elements.
-> arXiv:1203.2048v2
17 -> very weak or no dependence of multiplicity



2-D dihadron correlation functions from the EPOS model
for high multiplicity events in pp collisions at Vs =7 TeV, 1< pT<3 GeV

R(An,AQ)
without hyd:

‘v-y‘r'iamig__evolu.tidr"i“‘«» g ynamicve'v'él"ﬁ'tion

> .m\\\\ A
L A “‘:‘ ‘{}\\\» “'
05{" P ..‘ “\\ ‘\\\\\‘}‘ ' “
1 .- ’{;’ “‘ ’ ‘“ \\\t ‘
04" ‘ _ :'m, .“0‘“" \\\\ “‘ “ \ \
] g “0‘ \‘\ " I / “ \\
A,

-1 3 PRL 106 (2011) 122004 -1 3

cut off the near side peak

=» Hydrodynamics model predicts a ridge structure in A@=0 in pp collisions in intermediate p;.
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C(Aq)

Dependence
of p;

= C(Ayp) in 1.5<|An|<1.8_
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R(An.bp)

R(&m.p)
‘d ~
P o re

R{&m.bp)
R(&m.Lp)

. o -
R{Am.Lp)

Figure 7: Results for R (A7, A¢): original (top row), Z2R (middle row) and Z2R’ (bottom
row); (left) high multiplicity, moderate pr; (centre) minimum bias, moderate pr; (right) high
multiplicity, all pr > 0.1 GeV. arXiv:1203.2048v2
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Conclusion

* Multiplicity dependence of pp collisions
=» Two-particle correlation function C(A®) in Vs=7TeV pp collisions at LHC-ALICE.

e Correlation function
=>» Observation of Ridge at Ag=0 in pp collisions for high multiplicity.
=>»The correlation functions continuously change with multiplicity.
=>» Jet shapes are different with multiplicity.
=>elliptic parameter p,*"°t and p,'°"s,
Dv,~7.4%

« MC(PYTHIA) cannot explain the experimental result.
=>» Hydrodynamics (EPOS) may describe ridge in pp collisions in intermediate pT.



Back up



Pythia event generator

- Because of asymptotic freedom, cross section of hard process can be calculated using perturbation
method.

- In hadron collisions, hard process (superposition of parton distribution function (PDFs), cross
section).

- High multiplicity = multi-parton interaction (?)

Charged Partlcle Multlplluty Dlstrlbu‘uon

The data at 7 TeV are compared to models: ;ﬁ Eur Phys.J.C68:345-354,2010 T ALICE
PHOIET (solid line), ?--;’10'1 2 ‘1, ---- D6T (109)

....... ATLAS-CSC (306)
S Perugia-0 (320)
— PHOJET

PYTHIA tunes D6T (dashed line),
ATLAS-CSC (dotted line) and
Perugia-0 (dash-dotted line).

Protlgbilit
o

‘{Illlll Illllll{{ lllllllll llllllll] lllllllll L 115

=>» Pythia 103
=>» ATLAS-CSC is close to the data at high multiplicities
(Ng, > 25). However, it does not reproduce the data in 10
the intermediate multiplicity region (8 <N, < 25). Ns =7 TeV
1075 INEL>0
ml <1

-
%))

IIITIIL_IHIHII IITHHI'[ l]”ﬂﬂl ITHIHT] ITIHHII 'TH

=» Pythia can not represent the pp collisions.

lllllllllllllll‘

Ratio Data / MC
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O
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the ratios between the measured values and model
20 40 60
Multiplicity N,

OJTIIIIT]
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Explanation of Collective Behavior
of Parton by EPOS

-global event generator
mean suggests both pp and heavy ion collisions

are treated using the same physics.
-MC event generator for minimum bias hadronic interactions.
-the collective hadronization in p-p scattering.

freeze out

The hydrodynamic approach,

model of EPOS 1.99 or EPOS LHC=> primary inter.

Z
Multiplicity distribution of charged particles PRL 106 (2011) 122004
with pt >200 MeV and |n| < 2.5
for p-p interactions at 7 TeV from ATLAS. Pro_] - P Target P
g 1| ATLAS p+p — chrgVs =7 TeV
10 £

In|<2.5 N,>1 p>0.1 GeV

0 2 Rz, the effect of the corrected flow on the tail of the distribution
| EPOS LHC (solid line), the tail is well reproduced event with core
2 / formation.
-3

10 E i i

E __ EPOS LHC Without core formation ,

- -~ EPOS 1.99 \ the results were already reasonable.

I EPOS 1.99 no core '\,
T R TSN

arXiv:1306.0121 0 100 150 , . s

St multiplicity m>In EPOS 1.99 (dashed line) for the events with a large multiplicity,

the flow effect was strong and was reducing the total number of particles
suppressing events with large multiplicities.

24 =>» EPOS better explain pp collisions than Pythia



Number of track and number of pair
- example VOE event estimator
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Hybrid track (more loose): vertex + TPC
- IsHybridGlobalConstrainedGlobal
Global track loose DCA (loose, Bit 4 ): global track cut

- kTrkGlobalNoDCA

Global track (def., Bit 5): Hybrid track + SPD track cut

- kTrkGlobal

AliESDtrackCuts::GetStandardITSTPCTrackCuts2011(kFALSE);

- SetName(“Global Hybrid tracks, loose DCA”);

- SetMaxDCAToVertexXY(2.4);
- SetMaxDCAToVertexZ(3.2);
- SetDCAToVertex2D(kTRUE);

- SetMaxChi2TPCConstrainedGlobal(36);
25 - SetMaxFractionSharedTPCClusters(0.4);




Multiplicity dependence of the ratio R(A¢)
(=C(A)/F(Ap))

TPC-TPC correlation, 1.55 |An|<1.8
PYTHIA

N —
1spT‘ Trlg<4GeV/c: . .

_ 11..5<'IA7]I'<1 ? B e B ———————— — “FFourier fit yrrveprereprereree ~ 14 -|—|—|-_
5 3 5 s +Rae) 5
O= O: O= O= O=

§ 1.08 % 1 % 1.09 % 1.04 % 1.0

g "%ow Mult 2 "%ow Mult 2 "%%d Murt £ "figh Mult £ "%high Mult
i i I , = _ _ g i

0.99m= 0.95m 0.99m= 0.99= 0.99m=
Jp;h°”=o.oooio.000°/e P;“°r‘=-0.407¢0.4259 b PZ“°”=-0.686:0.367° b P;“O"=-0.355¢0.3779 b ps"o"=-0.457:0.393%
-1 0 1 2 3 4 -1 0 1 2 3 4 -1 0 1 2 3
Ap=¢, -9 Ap=9, -0,

4 T 0 1 2 3 4 0. -1 0 1 2 3 4
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Associated particle yield per trigger
PYTHIA

d*N/dAg dAn
d*N/dAg dAn

Trig

'l/, l/‘\\\

4
Trigd N/dAg dAn
1/ NT
1/N

1/N

.

background

Due to the combinatorial mixing back ground,
background increase with higher multiplicity and jet size increase.
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A fitting function F(A) and the ratio of C(Ag) to F(Awp)

Fourier: ~ 1+ ZvpL0s2(¢ — 5) + 2v3 005 3 (b — ;) + -

Elliptic flow Triangular flow
~1+ @052&,{) + 2v2cos3A¢p + -+

deair
(q)z'wz) _((91'Lu2) = @y-Pq
= A(p

Two-Particle correlation :
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QGP History of the Universe

Quark gluon plasma e
(asymptotically free quarks and gluons)

vS*
2%0
e\e¥ e
pec

- about 109s after big bang =
- Inside of neutron star
- Heavy ion collisions experiments

v
collisions
0y &

color glass condensate

Initial fluctuation hydrodynamic model final state interactions
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